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Abstract 


The report presents background information on the rocket-triggered lic^itning 
project at Kennedy Space Center (KSC) , a summary of the forecasting problem 
there, the facilities and equipment available for undertaking field experx 
n& r ±3 at KSC, previous research activity performed, a description of the at- 
mospheric science field laboratory near Mosquito Lagoon on the KSC ocnplex, 
methods of data acquisition, and present results. New sources of data for the 
1990 fi el d experiment include measuring the electric field in the lower few 
thousand feet of the atmosphere by suspending field measuring devices below a 
tethered balloon, and measuring the electric field intensity in clouds and in 
the atmosphere with aircraft. The latter program began in July of 1990. The 
report also lists future prospects for both triggered lightning and forest 
fire research at KSC. 


Summary 


Kennedy Space Center (KSC) is the center for and its operations the focus of 
the world's most exacting single-point, short-range weather forecasting prob- 
lems. Thunderstorms, with lightning, hail, strong winds, and possibly toma 
does, represent the greatest hazard at KSC. 

The present Atmospheric Science Research Laboratory program at KSC includes 
ground and airb orne electric field measuring instruments (field mills) ; a 
ground-based radar; numerical models; rocket triggered lightning experiments; 
and conventional, fairly dense network of reporting stations and rain gages. 
When available, KSC will add a high-resolution wind profiler now being devel- 
oped at Marshall Space Flight Center. 

KSC recognizes the critical nature of smaller scale weather phenomenon in the 
forecasting problem addressed, i.e. short -period, precise, local weather 
forecasts. No other group has ever attempted to forecast on a routine basis 
the weather events KSC desires to predict. KSC will first atteirpt to inprove 
the general understanding of smaller sc al e weather phenomena . The research 
project coordinates actions of disparate groups in collecting and analyzing 
heterogeneous data, and in integrating results into a real-time data display 
system. 

Seme significant problem areas i Most of the individual resea r ch efforts take 
place without adequate coordination with either KSC or the other cooperating 
groups, diluting the effort and rendering it ineffective. KSC must force the 
research program into a unified effort, demanding top KSC management support, 
which the program does not now enjoy. Devising a reliable operational fore- 
casting method may take many years and considerable effort from KSC, other 
government weather-forecasting units, and academia. 

Work on lightning-kindled forest fires began at KSC last year, at my initia- 
tion, and will continue. 
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IMHCDOCTICN 


1.1 BACRSdCtO H®X*MRTICN 

The goal of the rocket -trigger**} lightning program (P31P) at Kenn^ Jpaoe 
Cerrter(KSC) is to permit more flexibility in the launch criteria, 
will be mentioned shortly, currently restricts launch cperations greatly. 
Better lightning forecasting would allow more launches without any ^gher 
STto or equipnent. However, better 

knowledge and understanding of the phenomena itself, and that is the obgect 
of the rocket-triggered lightning field experiments at KSC. 

The lightning program at KSC began in the 1960's, when the National Aeronau- 
tics aS^Se P Shdnist ration (NASA) began building taller structures on the 
Center. Ughtning strikes to Apollo 12 and, more recently, to an iltlas- 
Centaur roSet^in 1987), resulting in destruction of ^ KSC 

its payload, gave rise to added research to understand lightning better. KSC 
ZedZeir ovTetployees, as well as cooperated with academic ins^tutions 
and private companies in developing its lightning program. The present pro 
gram includes ground and airborne electric field measuring instruments (field 
mills) , radar, numerical models, rocket triggered lightning experiments, and 
conventional nescrreteorological network of reporting stations and raingages. 


The present launch criteria at KSC is very conservative as far ffj^ftoning 
potential is oonoemed, primarily because of our inadequate knowledge of the 
following factors: (1) How and under what conditions will aero^>^ vehicles 
trigger lighting in electrified clouds; (2) What distanoe^ lightning can 
travel from source to strike object (the aerospace vehicle); and ( ) 
location and extent of charge sources within clouds for natural and triggered 
ligthtning. Using lightning simulators and triggering lightning with small 
sounding rockets can help us determine the vulnerabili^ of facilities and 
flight vehicles to the effects of direct and indirect lightning strikes. 

Most of the individual research efforts by the various participating grotps 
take place without coordination with either KSC or the other cooperating 
groups. KSC needs to integrate the entire research program into a mified 
program. Moreover, KSC needs to use the results and techniques . developed for 
its day-to-day operations. Additionally, the limited meteorological expertise 
at KSC has hanpered the research effort, requiring KSC to rely heavily on 
outside personnel and equipment for this research. 


Numerous disparate groups and organizations have sane expertise in vari ou s 
aspects of thunderstorm and lightning phenomena. Railroads know about light- 
ning's ability to travel long distances along rail tracks, and to cause 
damage far from the original strike. Electric power companies also know how 
lightning travels through its conductors to damage equipment far from the 
thunderstorm producing the li^itning. They also know lightning can couple an 
to lines not originally struck by listening. Airlines and the military know 
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lightning strikes aircraft both in the air and on the ground, and that air- 
craft can trigger lightning flashes even far from a thunderstorm cloud. Radio 
and television stations, as well as telephone ccrpanies know lightning can 
strike their towers and disrupt their transmissions and communications . It 
also couples into their equipment. Boaters, anglers, and golfers, among many 
others, know their recreational equipment (rods, masts, golf clubs) may serve 
as conductors for lightning strikes — particularly newer graphite materials in 
rods, masts, and club shafts. 


1.2 THE LIGHHMNG FQPBCAST3N3 PRCEIiiM XX KEHCDY SPACE QB7HER 

KSC is the center for and its operations the focus of the world's most crit- 
ical single-point, short-range weather forecasting problems, Efany operations 
at KSC are extremely vulnerable to weather, usually in such novel ways that 
the forecasting problem has no counterpart in any other realm. The forecaster 
must develop their own experience at KSC, they cannot rely on any experience 
gained elsewhere to help them with unique KSC forecasting problems. 

The special nature of weather at KSC, as well as extremely high economic and 
human costs if KSC launches (and therefore missions) fail leads to very pre- 
cise forecasting criteria with extremely little margin for error. KSC success 
or failure also inpacts directly and significantly on national and interna- 
tional opinion of United States' space effort and expertise . KSC failures 
draw considerable national and international attention! Thunderstorms, with 
lightning, hail, strong winds, and possibly tornadoes, represent the greatest 
hazard at KSC. 

In its approach to forecasting extreme weather, KSC recognizes the critical 
nature of smaller scale weather features and phenomenon (mesoscale ccrrpon- 
ents) on the problem addressed: short -period, precise, local weather fore- 
casts. Even the excellent world-wide weather data available through MHOS 
cannot by itself make the local weather forecasting problem easier. KSC plans 
to integrate weather data from satellites, radar, its own local mesonetwork 
of weather stations, regional weather stations, and data on local lightning 
strike into the forecasting technique. When available, KSC will add a high- 
resolution wind profiler (now being developed at NASA. Marshall Space Flight 
Center [MSEC] ) . 

Other data for the weather forecasting scheme envisioned include dual-doppler 
radar, NEXTRAD at Melbourne, Florida; ground- and airborne electric field 
measurements from KSC-operated sites; and local lightning- locating data. If 
at all possible, KSC envisions using its rocket-triggered lightning data into 
an operational forecasting technique. Since no one, to our knowledge, has 
ever attenuated to forecast on a routine basis the weather events KSC desires 
to predict, we can only describe the forecasting as experimented. Devising a 
reliable operational forecasting method may take many years and considerable 
effort from KSC, other government weather-forecasting units, and academia. 

The approach KSC will take will first attesrpt to inprove our understanding of 
smaller scale (mesoscale) weather phenomena. Only when we obtain an adequate 
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knowledge of the systems we wish to forecast can we confidently try to pre 
diet that phenomenon . This approach requires, however, the close coordination 
and cooperation of disparate, heterogeneous data, and its integration mtoa 
real-time (preferably interactive) data display system. The forecasting prob- 
lem will also almost require such a technique, because KSC nust forecast 
weather events lasting less than one minute, thus requiring almost instant- 
aneous data collection and display. This requirement may not be unique (air 
ports would also like to have this capability), but the economic and polit- 
ical costs of delays and wrong decisions at KSC are mxh, much higher than 

anywhere else. 


1.3 EBSBM CB PROJECTS JttC RESEARCH FACILITIES ECPIEWNT 

13 1 RESEARCH INVESTIGATORS AND iiuUK FR&3BCTS. Hie rocket- triggered light 
nioq research at KSC involves a nurtber of different research groups from 
several institutes . They are also working on different, but complimentary, 
research projects. 

The Centre d' Etudes Nuoelaires de Grenoble (CENG), from Grenoble, France has 
two programs at KSC. Their work enccrrpasses launching the rockets to trigger 
lightning as well as experimental study of the electrostatic fields required 
for aerospace vehicles to trigger lightning. These two projects will continue 
at a reduced level during 1990. 


The CENG project to launch rockets to trigger lightning also has two parts. 
The first part is, obviously, to trigger lightning, thus bringing lightning 
strikes down the conductor trailing behind the rocket to a known location for 
further study. The second part is to launch instrumented rockets to obtain a 
fast vertical profile of the electrical fields existing in the atanosphere. 
The French use two types of rockets, one to reach heists of about 1 kilo 
meter, the other, a Micfrt Mouse rocket, to reach 7 km hei^it. These rocket 
derived electric field profiles are then verified by octrparison with measure- 
ments taken by a series of field mills attached to the tether of an aerostat, 
as illustrated schematically in figure 1.1 on the following page. The goal o 
this second part of this project is to develop a method for taking accurate 
vertical electric field strength profiles in storm conditions, when the 
atmospheric electric fields fluctuate rapidly. 

The second French project is to study the electrostatic fields that exist at 
the beginning and ending of electric storms, as the fields oscillate more at 
those times. The nethod is to launch a sounding rocket to measure the elec- 
tric field profile, followed a few seconds later by a rocket designed to 
trigger a lightning strike. The second rocket trails a expper wire designed 
to represent the conductive body and charged exhaust gasses of the aerospace 
vehicle it simulates. The experiements compare theoretical concepts with the 
results of rocket -borne and ground-based magnetic and electric fields, strike 
current, and flash luminositiy. The object is to understand and then ultim 
ately to predict the triggered lightning process, which will allow KSC to 
develop more accurate warning criteria and measuring techniques. A further 
objective is to measure lightning strike waveforms in order to allow more 
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accurate simulation of lightning strikes . This will let personnel test the 
vulnerability of vehicles and associated equipment and facilities prior to 
their use. 



Figure 1-1: The 1990 Rocket Triggered Licfritning Project schematic 
identifying equipment and showing their relative location to each 
other, (For location of the R2IP, refer to figure 1-2.) 


g*nd i * National Laboratories will test the response of aerospace structural 
materials such as aluminum, titanium, and copper to direct lightning strikes, 
both natural and triggered. As with part of the French project, the results 
will also be used to characterize the waveform of lightning strikes for 
simulations purposes. This project, because it intends to characterize nat- 
ural as well as triggered lightning, will use a portable launch system for 
triggered lightning . 

Massachusetts Institute of Technology will use microwave radar to measure the 
plasma tenperature of the lightning channel for the triggered lightning 
strokes. This projects aims at improving our knowledge of the thermodynamics 
and energetics of lightning discharge. 
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Ehtory-Riddle Aeronautical University and the University of Mississippi plan 
to collaborate on a balloon-tethered field mill experiment above vegetation. 
This program hopes to understand the shielding effect of low-level space 
charge produced by corona discharge from the vegetation, which will help 
interpret ground-based field measurements in relation to fields aloft. This 
group will ccnpare their measurments with those of the French and the air- 
borne field mill measurements by the Air Force. 

Other groups will analyse streak camera images of lightning strikes to help 
in defining the structure of the strike channel, and measure the ozone and 
nitrogen produced by the strikes. 

1.3.2 THE A33-DSPHEBIC SCIENCE FIEID UfflCRRTCRf (ASFL) FACILITIES AID EQPIP- 
M5NT. Kennedy Space Center (KSC) lies in a region of the United States with 
one of the highest frequencies of thunderstorms and lightning activity . 
Figure 1-2 shows the location of the ASFL and seme other sites used for the 
Rocket-Triggered Lightning project (RTLP) . DCS 10 and UCS 11 refer to the lo- 
cation of unmanned camera sites used to record launches . The headqua r ters 
building (HQ Bldg) and launch catplex 47 (CX 47) are also shown. 



Figure 1-2: Selected site locations used for the 1990 Pocket - 
Triggerd Lightning Project and their relation to other points on 
Kennedy Space Center. 
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KSC operations involve same very expensive equipment (the Shuttle, satel- 
lites, and launch vehicles) subject to critical and exacting time schedules. 
At the same time, launch support equipment such as towers, antennae, above 
ground and buried cable, are subject to damage or interruption of their func- 
tion and use from lightning strikes . This combination of conditions make 
lightning both a hazard to and a significant factor in success or failure of 
KSC operations. As a result, KSC has been involved in and conducted extensive 
lightning studies for more than two decades. These studies involved charac- 
terizing lightning flashes, devising methods of protecting equipment from 
li^itning strikes, and ways to locate and predict lightning and thunder- 
storms. Since the early 1980's, KSC, in conjunction with other Government 
organizations, private companies, and universities, has intensified its 
studies of thunderstorm and lightning phenomena. 

KSC and the Eastern Space Missile Center (EStC) weather group delve into 
thunderstorm and lightning forecasting, as well as devising methods of pre- 
dicting other significant, adverse, or severe weather events (e.g. freezing 
precipitation, for, icing, or strong or gusty winds) . The combination of KSC 
and ESM3 have developed one of the finest facilities for forecasting short- 
range weather events. The KSC/ESfC facilities include weather satellite and 
radar data, a mesoscale weather observation network (more than fifty sta- 
tions) , and the Meteorological Interactive Data Display System (MHOS) which 
supplies world-wide meteorological data and soundings . The KSC also uses a 
tethered balloon for research on thunde r storms and lightning, and may be 
able to include this in future forecasting techniques. 

KSC and ESM3 wish to create and operate an advanced weather support and fore- 
casting system in order to reduce the weather-related hindrances to KSC oper- 
ations. The KSC program also plans to transfer to other weather forecasting 
units (such as the US Air Force or the National Weather Service) the technol- 
ogy and knowledge gained through this research. 

The Federal Aviation Adninistration (FAA) , Air Force Wright Aeronautical 
Laboratories (AFWAL) , and the US Naval Research Laboratory (*©L) are among 
the Government groups interested in lightning studies at KSC. KSC and other 
groups are interested in (1) characterization of lightning haz a r ds to KSC 
operations, to ccmmuni cat ions, to power distribution, and to command and 
control systems; (2) remote lightning detection; and (3) understanding the 
"advent and demise" of thunderstorms. In addition, certain groups within the 
Government are interested in using lightning strikes to simulate the electro- 
magnetic pulse (HF) nuclear weapon bursts might send out. 

After learning more about lighting and its effects on air- and spacecraft, 
KSC would like to transfer the techniques and knowledge gained from its 
studies to operational forecasting and to academic institutions training 
weather forecasters. This should ensure qualified forecasters for future 
operations . 



1.4 DATA. JJOQDISITION 

Items investigated in KSC lightning and thunderstorm studies include static 
and field charges using electric field measurements in and around KSC; _1°C“ 
atinq and counting lightning discharges (cloud-to-ground strikes, mainly) 
within 200 miles of KSC; radar data from the KSC region; surface wind data 
using a mesoscale network of measuring stations within about 50 miles of KSC, 
electric and magnetic fields and lightning current measurements from the KSC 
area; and other meteorological data obtained from local, regional, and na- 
tional sources. These data will, hopefully, be integrated into a forecasting 
method and applied to inprcrving short-term weather forecasting and verifica- 
tion of numerical weather forecasting, and to evaluating lightning warning 
procedures. 

The Maxwell current and its changes with time may help researchers under- 
stand when thunderstorms begin ("turn on") and when they quit ("turn off ) . 
Maxwell current may thus ultimately lead to an approximate threshold for im- 
pending lightning strikes. (lightning and its accarpanymg thunder define a 
thunderstorm; without these two phenomena, the event is merely a rain- or 
hailshower.) 

Photo analysis of lightning may be used to quantify several parameters, such 
as size and shape of strokes. Streak images yield stroke propagation speed. 
Photography on calibrated film can determine flash luminosity. If luminosity 
is a function of current, then we can measure lightning current directly. 
Further, time resolved lightning spectra would then yield electron tempera- 
ture in the lightning channel. Photographic images can be analyzed by video 
densitometers, if digitized, or conventional densitometers if not. 


The program at KSC is the first program to measure all parameters (electric 
and magnetic field, current, electron tenperature in the lightning plasma, 
luminosity, spatial orientation, and stroke propagation speed) at the same 
time, t hus allowing case studies to test theoretical and numerical models of 
lightning behavior. 


Kennedy Space Center (KSC) receives wind, tenperature, and humidity observa- 
tions from a network of over 50 instrumented towers covering an area about 53 
by 57 km (about 1600 square kilometers) as shown in Watson fit — 34 • (1987) . 
Most wind instruments have been mounted on top of standard 54-foot tall 
telephone poles, and set to record wind data at five-minute intervals. When 
in use during the RTLP, data from this network is recorded an ocnputer tape 
and used in mesoanalyses of thunderstorm and lightning case studies . 

A network of five direction— finding stations around KSC locate negative 
lightning flashes (where earth is positive relative to cloud) . A paper by 
Lopez and Holle (1986) describe this lightning direction-finding method. 

A United States Air Force WSR-74C radar located at Patrick AFB, approximately 
30 km SSE of KSC, sipplies data at five-minute intervals. A Weather Bureau 
radar at Daytona Beach, about 100 km NNW of KSC, also sqpplies radar imagery 
at irregular intervals . The Lightning Location and Protection, Inc, (LIP) 
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Integrated Storm Information System (ISIS) , which records negative lightning 
flash information as well as Daytona Beach radar information, is out of 
operation for the 1990 RTLP season. When it operates, this ISIS equipment is 
located at the Range Control building on Cape Canaveral Air Force Station. 
Until it returns to service, the national lightning location system, operated 
this year by Sandia National Laboratories, provides similar data. 

Lightning triggered when small rockets trailing a conductive wire behind them 
(rocket -triggered lightning, RTL) are launched near active thunderstorms pro- 
vide several advantages for scientific study of lightning . First, lightning 
occurs at a pre -defined place and at a pre -determined time. This allows the 
researchers to measure parameters seldom — and then only with extreme diffi- 
culty — measured in the natural atmosphere. Secondly, it allows a detailed 
look at the very long "leader" strikes propagating into un-ionized air, close 
to the conditions prevailing in an unmodified environment . Both of these ad- 
vantages help researchers understanding lightning leaders, thus understand 
lightning itself better— and, more iitportantly, that triggered by aerospace 
vehicles traversing that region of the atmosphere. 

Suspending an isolated metallic object (a cylinder about eight feet long and 
two feet in diameter) below a tethered balloon as a lightning strike object 
(LSO) may also simulate an aerospace vehicle-triggered lightning (ATL) ob- 
ject. Lightning flash leaders observed and measured during such strikes will 
provide data for comparison with prior observations, hopefully to verify or 
refute the bi-directional ATL model cctimonly proposed. The series of field 
mills suspended ailong the tether cable provides electric field measurements 
around the LSO. This experimental set-up also allows negative leader current 
to be measured at the LSO site, possibly permitting return-stroke current 
measurements at ground and higher levels at the same time. Streak cameras and 
conventional photography record visual imagery for later quantitative study. 

Data taken both over land and over water allows similarities and differences 
to be observed and measured. Rocket launches over water represent a "purer" 
electric lightning signature, since there is no distortion of the signal from 
the ground or support equipment around the launch pad. The 1990 RTLF includes 
launches from land and water RTLS; my proposal is to launch from each site 
alternately, or from each at short intervals, i.e. quaisi-simultaneously . 

Other sensors include microphones to record the sound of t h u n de r , to oonpli- 
ment the photo-recorded lightning flashes; and current sensors in the ground, 
which are correlated with negative cloud-ground potential. 



II 


present results 


2.1 UNIQUE MSTBCDS OF DATA ACQUISITION 

The 1990 rocket-triggered lightning strike research season envisions record- 
inq positive lightning strike data as well as negative, using a system dev 
elOT)S by the State University of New York at Albany (SUNYA) . The SUNYA sys- 
tem uses satellite data to provide actual lightning strike location data. 
Simultaneously, rockets carrying special e f ect ^^ f iel< i 

("field mills") will be launched to obtain electric field strength data vp 
7000m altitude. 

Ksc will also suspend field mills at intervals along a cable attached to a 
tethered balloo^SSted near the rocket launch site. This will _ 
tical sounding of electric field strength near the triggering site, inport 
data presently missing. From four to sis field nulls located along the teth 
2ing P cable will supply field strength at heights up to approximately 1200 m 
2^2 the ground, ^arrangement is shown in figure 1-1 on a previous page, 
but repeated here as figure 2-1 for the reader's convenience. 



Figure 2-1: The 1990 Rocket Triggered Lightning Site schematic 
identifying equipment and showing their relative location to each 
other. (For location of the RTLP, refer back to figure 1-2.) 
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2.2 RESULTS FPCM 1990 FIELD EXPERIMENT 

2.2.1 PROBLEMS WITH EQUnMQTT. Prior to beginning the 1990 field experiment 
at the Pocket -Triggered Launch Site (KTLS) , KSC had to revise the operating 
procedures. This delayed the field experiments; consequently, the program had 
gathered little lightning strike or fire initiation data prior to my depar- 
ture. This report thus presents results of priliminary case studies for 5 
June and 3 July 1990, which I undertook during JUly. 

Another problem, as in 1989, concerned the lightning strike display system, 
ISIS, which quit functioning entirely in 1990. The ISIS should record both 
lightning strike location and radar return, and is used both to deduce the 
physical relationship between the lightning strike and the parent thunder- 
storm, and to locate sites of fire initiation. Likewise, as in 1989, the 
French contingent from Gmcble delayed their arrival by about ten days. Since 
they act ual ly run the RTLS, launch the triggering rockets, and gather data, 
their delay pushed the start of operational rocket launches back still more. 

All PUP equipment and personnel appeared to be ready for the first rocket 
launch only on July 31st. Unfortunately, for a nunber of days thereafter, 
weather conditions did not produce lightning at the launch site on Mosquito 
Lagoon. 


2.2.2 PROBLEMS WITH COORDINATION AMD COOPERATION. With nearly a dozen groups 
cooperating in the lightning project, occasional l ac k of coordination seem 
inevitable. In my view, this need not happen at all . Every group should have 
been adequately informed of their role in the project and how they ware to 
support every other group. Unfortunately, this certainly did not happen in 
the case of the Cape Canaveral Air Foroe Base weather station and its per- 
sonnel. I called them a number of times between July 6th and July 31st, 
requesting data for the storm development on the afternoon of July 3rd. To 
their credit, they sent me data for 12UT July 3rd (figure 2-5) , but never for 
00UT JUly 4th, a time closer to actual storm development around 2 OUT. Cn each 
occasion of telephoning the weather station, I seemed to talk to someone new, 
who did not know anything about iry previous requests. The two civilian 
enployees premised to take care of my request (handling such requests appar- 
ently is part of their job) , but they failed to do so. One apparently became 
ill, the other apparently merely did not do the job. Finally, after at least 
a dozen telephone calls, I was informed on August 1st that the weather 
station only keeps plotted charts and maps for two weeks, and the data for 
July 4th had been destroyed. As a result, I cannot include this information 
in this report. 

KSC should inprove its coordination with support units such as the weather 
station to inprove cooperation in the PTLP. 


2.2.3 USING A "STOF&BOCPE" TO LOCATE NEW THaCERSTOFM CELL EBVEL3CMBIT. Bill 
Jafferis asked me to study the feasibility of using the Conner ci ally avail- 
able Stormsccpe as an initial indicator of lightning. The idea of using a 
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Stromsccpe as a prelimihaiv d4ta or Ia ^ ar 

Sites without access to the moreelaCOTte of lightning 

ZU andlScates U*h foaiUvely and nega- 
tively charged lightning strokes. 

As requested, I studied Stomxpe 

retunTand the ISIS lightning 1 ^vT^STlooked at all 

displays of all instnmsTits and ^ study confirmed the impression 

three displays taken JL^^vity, but the dist- 

that the Stortnsocpe indicated directionto a gt^ioope located at 

an oe was not accurate. As a^ i4-Jmafcive to installing expensive equipnent, 
selected sites would be a good alternative to isMwng^g r ^ te ^ data 

or running electrical cables to t k° 3 fj sinoe Storms copes display both 

fcoToSS locations to ttase, «* 

positive and negative mSSmhSTisB oST M*es tie Stomsccpe a 

%% - - *» *-*» ~ 

thxmcter storm activity . 


nrsmiN imi 9HB 1990 FDELD EXPERIMENT. Due to delays 
2.2.4 SOME PFBMMM^ FHSOUrS this report gives only 

outlined above, coupled iSd^xperiment . As noted above, I 

a few preliminary results frcm the lyyu j^lv 1990 , as some 

studied the storm development occurring on 5 June and 3 July 1 * , 

interesting new storms developed on those ys. 

From July 10th throu^ KSC l^^^S^^t^ibor^ 

least another two weeks after my departure), ^ two cbzen flints, Air 
field mill flights almost dai y. field at various altitudes, 

Force and other parties measured correlated than 

both in and out of stratus, ■^SESS B^WSe was to be able 

with surface and tethered field mm neas^r^^^e^po^ ^ launc hes 

to extrapolate field mill field readings 

to higgler altitudes , i . e . t measured by small rockets (attain- 

taken from tethered field mills and those thunderstorm cloud, which often 
in? heights of about 7000 m) to the t^ ^J^^^sured typically lkV/m 
attain altitudes of at least ^15, 000m. ^ or dissipating cumulus 

to 2kV/m outside clouds, and 60kV/m inside active cunulus and 

clouds. The instximaits also turbulence, precipitation, and often 

cumloniirbus clouds, and gef*** 1 Q f August 1st, no operational 

icing along with higher field strengths, as or 

rocket launches have verified these findings. 

«gu». 2-2, 2-3, «* 2-4 ^^ il S^ 3 1 1 S^ 9 5 S^ 9 i 9 S e « Si 

the corresponding radar return, and were taken as single 

—V is 
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poor, and I ha^not an inter- 

2, 1 SSSSS1' ^JaSTSfik Jafferis, 0&S-4Z. HQ Biild- 
ing, Kennedy Spaoe Center, FL 32899. 

_ _ K ry-xpc 7 satellite imagery from 2031 US, Ohne 5, 1990. It. in? 
Figure 2-2 shows GOSS 7 } downdraft outflow 

dicates the arch of clouds (denoted ay a j «j»bu y 11 _ 

fmn dissipating thunderstorm "B" forcing moist air to ^ise. N e w oel f 
**£*^ 2 ? ^tSTwreh may be the result of interaction . between the out- 
V "C," since that thunderstorm oeU appeared 

flow rrcra o hAmi to be expanding towards the south. New 

<2£ of issipatiTSS^atom "F" appear to be 

ssrs ssr=ioSa 

- ^ £3* 

*SS? 

the eastern coast of Florida shows up as a une ot 
inland of the coast . 

Figure 2-3 shows the radarreturns for be cleanly 
£w 2 f£ ^her storms 

selected in this exanple. 

Figure 2-4 shows two soundings 

same Skew T-Ing P t&e logarithm of atrrcs- 

tsmperature alcpe <j_to the rt^t (Ajw t. ^ teroeratSre trace is the 
Pteric pressure decreases 'g“ard <iy ljr.2f. m fSr5e dashed irregular 

^. 1 SSfS 5 S'^ure, not^eTypsar « "*## 

sloping up to the right SS^slcpe \x> to^the left denote the 

solid li nes which appear to converge 33 they » ,v , *. ■.«! + n f-y^ 

^Sb^TtTf^ ssffaraass^ s ? 

5^S. w SS , iSSSS: ^ ^ 

would experience . Together with the terp^at\^e a^ F» ti^ atnosphere, 
_rr i 4 |v»a can be used to evaluate static stability or tne y 

srsa 

north, tfcst wind directions lie between southwest and northwest in this case. 

Figures 2-5 and 2-6 atm weather facsimile products for July 3rd, ^ 90 ^Doe 
too? poor quality of other images available, and lack of data for other 
times, I have not included any in this report. 


156 



Figure 2.5 shows the weather analyses for the 200 (A), 500 (B) ' 

85toSr (D) levels for 12:00 OT, July 3, 1990. Light lines in ^ "*>*”*" 
height contours on the pressure surface, which correspond to lines of oon 
stant pressure (isobars) on a surface analysis. Centers of high hei^it 
SSs aremarked' "H, " those of lower contours "L." Ite ^curves gating 
out frcm low centers depict troughs, white heavy 

ridges. Isotherms are dashed. The jet stream is shaded on the 200irbar map. 


Figure 2-6 shows a locally produced surface weather nap f°r l2 : 00 OT, Jhly 3, 
1990 A low pressure oenter lies along the eastern Florida coast, midway 

at this time, tte troughs inmrted "toH rahatihg 
outward from this low pressure center induced convergence, which, 

S^wite the sea-breeze convergence later in the day, gaverteej “ 
stona develcpnent. The outflow from one of these storms forced new storn cel 
development aheewi of the original storm. This new ttandsarstom passed over 
Titusville, producing considerable lightning and run. ^ 

maps for this case cannot be shown or included in this report, because tne 
original data was not recorded, and the maps were destroyed, as nc *f d 
ously. However, I noted the develcpnent with my own eyes, as Ivas 
present in the Technology Transfer Unit (TTO) on that afternoon and watched 
this storm ctevelop on radar and through satellite imagery and the convergence 
indicated by the mesoscale wind network around KSC.) 
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Figure 2-2; GOES 7 satellite imagery frcm 2031 OT, June 5, 1990, 
showing the outflow arch (A) frcm a dissipating thunder storm (B) , 
new cell development (C) on this arch, and new cells (D) and (E) 
forming on the upwind side of storm (F) , along a mesoscale bound- 
ary between moist and drier low-level air. 



Figure 2-3: Radar return for 2029 UT, June 5, 1990, for the Ken- 
ned Space Center. Range is in nautical miles. Lighter areas with- 
in darker radar echos indicate higher radar reflectivity. 
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Figure 2—4: Temperature, moisture, and wind soundings for Kennedy 
Space Center for 1015 and 1205 UT, June 5, 1990. The two sound- 
ings have been inadvertently plotted on top of each other. 
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Figure 2.5: Analyses of 200 (A) , 500 (B) , 700 (C) , and 850nibar (D) levels for 
12:00 UT, July 3, 1990. Light lines denote contours of height of the' pressure 
surface; heavy curves depict tr ought , while heavy wavy lines denote ridges. 
Centers of high height contours are marked "H, " those of lower contours "L. " 
Isotherms are dashed. The jet stream is shaded on the 200mbar map. 
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Figure 2-6: Locally produced surface weather map for 12:00 UT, July 3, 
1990. A low pressure center lies along the eastern Florida coast, mid 
way between Miami and KSC at this time. The troughs ("Trof") radiating 
outward from this low pressure center induced convergence, which-, when 
combined with the sea-breeze convergence later in the day, gave rise to 
thunderstorm development near Titusville about 19:00 UT. 
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2.3 LIQUrnNG-KINDIiJD FIRES IN FOREST PRODUCTS 


The plan was to place piles of toothpicks, 1/4-inch, 1/2-inch, and 1-inch 
wood dowels; kindling sawn from l/4-inch plywood, 1-by-l' s, and 2-by-2's; and 
ultimately actual exanples of local plants collected with the help and per- 
mission of the Fish and Wildlife Service at the launch site to see which ones 
ignite. KSC also intends to measure the current in each strike. The idea of 
using vrell defined sizes of wood is to achieve reproducible results. Again, 
no results have been obtained due to paucity of triggered lightning. 

Kennedy Space Center personnel involved in the lightning project are to lay 
this kindling near the launch site and record the results . They are to 
forward the data to me for my analysis and interpretation. 
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3.1 HBH EKVELCPl^WS AND PRCPOSED *®MCDS FCR B\»BC»3TIN3 LK3HNIN3 

The current system for forecasting thunderstorm location and lightning strike 

location uses a ccnposite technique including radL 

thunderstorm cells; rate of change in radar reflectivity, ^adi^t of radar 
reflectivity; location, nuiber, and frequency of negative lightnii^ strikes, 
surface wind convergence; and surface wind pattern. (Surface 
typically varies with stage of thunderstorm development. See Byers and Braham 

[1949] or Watson et si . [1989]) 

As Shuttle and other launches become scheduled more frequently, KSC opera- 
tions become less tolerant of delays. Thus, KSC forecasters need to identify 
more low-risk launch window, requiring inproved forecasting ^t^ eve^ 
such as triggered lightning, wind shear, and turbulence with accuracy and 
timeliness unique to space programs. Measurements of electric fields, fo 
exanple, have not yet been included in the forecasting process f or triggered 
lighting. Moreover, many critical weather factors cannot even be measured 
directly; the forecasters infer their value from their relationship to other 
parameters they can measure. 

Launch safety needs both accurate current weather data and 
hours or less. Observations limit the accuracy and quality of forecasts, par 
ticularly on this short-term forecasting, or nowcasting, time scale . 
must inprove its observations, including new instrumentation and measuring 
systans, to inprove operational forecasts. 

New instrumentation is no panacea, however. New instruments inprove <^ff" 
tion, not necessarily forecasting. Forecasting methods use the data available 
when those methods were developed. KSC needs to modify foreca^ingm^^ 
and techniques to include new data sources. Displays for lightning^ detection 
networks and new instruments to detect in-cloud and cloud-to-cloud li^itning, 
for example, should be incorporated into KSC weather forecasting. Likewise, 
local weather analysis and forecasting techniques specific to KSC need to be 
developed. KSC should also develop an interactive, cxnputer -aided weather 
decision -making system, and possibly numerical weather prediction models 
specific to KSC operations. 

Local convergence of surface winds still induce thunderstorm formation at 
KSC. Byers and Rodebush (1948) and Byers and Braham (1949) suggested this 
cause, and many later experiments and studies supported them. The compara- 
tively dense network of surface wind measurements at KSC allow use of local 
convergence for short-period forecasting. In particular, the forecaster mist 
locate and follow the movements of the sea breeze, as it 

convergence forces in and around KSC. A preposed, new prediction method (not 
yet completed) is to write oatputer programs to calculate and plot conver- 
gence over several sub-areas within the KSC research area (tig. 1-2) , and to 
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locate lines and regions of convergence within the same area. Breaking the 
KSC research area down into four or nine smaller regions, or sub-areas, 
should be adequate. Watson and Blanchard (1984) noted that smaller areas pro- 
vide reasonably good predictions of thunderstorm development using average 
convergence data, but Watson et al . (1989) noted that larger ones do not, 
since the averaging process dilutes the convergence (large on a small scale) 
when averaged over an area as large as the KSC research area. My proposal to 
break the KSC area down into smaller units for automatic convergence computa- 
tion would solve the apparent dilution problem. 

Surface oorrverganae does not, of course, take into account any dynamic pro- 
cesses occurring higher in the atmosphere. The MUDS provides upper- level 
information. By writing pro gram s to analyze and plot various combinations of 
data (the best combinations have yet to be determined) , the forecaster should 
be able to predict at least the potential for triggered lightning. One thing 
the previous research at KSC has shown: Lightning appears to begin just after 
maximum convergence (averaged over a fairly small area) , to peak before aver- 
age diver genc e over the same area reaches a maximum, and to decrease as di- 
vergence decreases. 


3.2 FUTURE PROSPECTS AND RECCt*£2EtATICN5 

From its start seven years ago on the shores of Merritt Island's Mosquito 
Lagoon, about eight miles north of KSC's Vehicle Assembly Building, NASA's 
Rocket-Triggered Lightning Program (F3TP) has developed progressively into a 
formidable research effort. NASA's desire to improve KSC lightning protection 
and lightning forecasting gave the RTLF emphasis. Each year adds new features 
to improve scientific knowledge. The RTLP added a tethered balloon in 1988. 
In 1990, the French will be using two different rockets to measure electric 
fields up to about 7000m above the ground. 

Other new elements added in 1990 included raising the height of the tethered 
balloon to about 1500m in order to measure the electric fields to greater 
height with the field mills suspended below the tethered balloon; aircraft 
flying into clouds at various altitudes to measure the electric fields inside 
and outside these clouds (the airborne field mill experiment) ; and attempts 
at quantifying lightning-initiated kindling of forest materials . Placing 
field mills at intervals between the ground and the height of the balloon 
provides data on change of atmospheric electric field strength with altitude, 
the better to help c h a r a c terize the lightning strike potential over land and 
water. Field mills detect and help locate the lightning, as well as allow 
study of the electric field environment prior to lighting strikes . The 
series of field mills suspended below the tethered balloon provide a more 
complete view of weather conditions conducive to rocket- or aircraft -trig- 
gered lightning. 

The future thrust should be in combining and assimilating the many diverse 
data sources into an integrated short-term predictive technique. One main 
thrust should lie in setting up an expert system or knowledge bank, a 
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"forecaster' s helper" along the lines of the artiti^-i^elli^noe based 
"doctor's associate" used by sane physicians and in some hospitals. A second 
main effort, writing programs to analyze the myriad data sources (KSC local 
wind fields, electric fields, radar, and other data fran the Meteorological 
Interactive Data Display System [MEDDS] and the Digital Weather Image Proces- 
sing Syston [D-WIPS] ) automatically, should support development of sn exp^t 
system. KSC apparently recognizes the fact that too little workhas been 
X integrating the excellent data sources available, 

for help in this vital area. I plan to continue helping KSC in these areas. 


Eventual civilian "spin-off" applications of KTIP results 

lightning avoidance, and lightning protection systems to thwart electrical 

power and/or t©lecuiiiiBjnication outages. 


To undertake the Pocket Triggered lightning Program at Kennedy Space Center 
gives it sore unique advantages due to KSC facilities and location. The pro 
gram also offers very positive potential benefits. However, to adiieve 
goal of the program— to iitprove the accuracy of lightning forecasting, thus 
increasing the launch window-the RTIP needs to overcome sane very signif- 
icant problems and shortcomings: 

1. Lack of a coherent goal and the specific objectives leading there . 

Although I perceive the main goal of the FTIP as more flexibility in 
the launch criteria, with all subordinated projects leading to that 
goal, I have not been able to ascertain that upper KSC managaient has a 
specific goal in mind. It seems that objectives supporting the ultimate 
qoal — things such as iirxier standing the phenomena or developing a fore- 
casting technique to iitprove thunderstorm and lightning forecasting- 
may be, and often have been, confused with the goal itself. a 

defined goad, and a plan to achieve that goal, KSC will be doomed to 
flounder about, not knowing where it's going or how to get there. 

2. Lack of top management support. As I perceive the situation, top KSC 
management does not really support the RHP. Without that support and 
ocnmitment, the program is doaned. Again, a program coordinator higher 
in the bureaucracy, reporting directly to top management, would enhance 


the RTLP. 

3. Lack of adequate coordination among the diverse groups undertaking 
research essentially independently of each other. Each research group 
seems to place its own project above the total program. An example this 
year was the Airborne Field Mill Experiment (AE*«) , obviously support 
ing the RTIP . However, the AE1C apparently enjoyed upper KSC management 
support and took precedence over the PTLP in allocation of resources, 
equipment, and personnel . To iitprove the RTIP, top KSC management must 
make a caimitment to support the project. Further, program coordina- 
tion should rest at a much higher level. The current coordinator is 
lower in rank than sane of the supposedly subordinate research project 
leaders. Moreover, sane project leaders of lower rank appear to have 
more influence on the RTIP than the coordinator does. There also 
appears to be some personal animosities. 
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4. Lack of cooperation. Along with coordination , cooperation among the 
groups does not exist, at least not as it should. Each group appears to 
hord its data as if it were proprietary information, which it should 
not be. The individual research projects within the RTLP to not share 
data effectively, limiting the integration of diverse data sources into 
a unified forecasting method which should be the strength of the pro- 
gram at KSC. the potential benefit of having the P TIP at KSC is its 
unique data sources ; lack of cooperation robs the program of its main 
virtue. Reorganizing program structure to place every individual 
research project under the RTUP, even when performed by an outside 
group, and demanding that every group share its results with all other 
groups, would irtprove cooperation. Last year, not one of the research 
groups involved in the RTIf* sent me the data I requested; this year has 
thus far been no better. 

Again let me stress that Kennedy Space Center not only offers the best loca- 
tion and climate for thunderstorm and lightning studies, it also offers 
unique and extremely valuable resources, capabilities, and expertise for con- 
ducting and managing such a research effort. Unfortunately , those assets have 
not yet been channeled into the cohesive, fully functioning program it could 
and should be. With a bit more management guidance and support, a firm goal 
and plan for achieving that goal, plus the required top management support, 
KSC could have a potent and dynamic rocket triggered lightning program. Any 
number of groups and individuals (including me) would be eager to contribute 
to the success of such a well designed and planned research effort. 
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AFWAL 

ASFL 


D-WIPS 


EM* 

ESMC 

FAA 

ISIS 


KSC 

LLP 

MSEC 

MTDDS 


NASA. 

NRL 

RTLP 

PTLS 
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AOCtWMS Jtt© AB BR EVIATIONS 


Air Force Wright Aeronautical Laboratories 
Atmospheric Science Field Laboratory 

Building near Mosquito Lagoon, about 15 miles north of the main KSC 
building carplex, housing equipment, research space, and offices for 
conducting field experiments in lightning and other aspects of 
atmospheric science. 

Digital Weather Image Processing System 

A suite of electronics, ccnputer, and four video monitors for aoqui- 
ering and displaying radar, satellite, and conventional weather data 
in real time and as loops. 

Electromagnetic Pulse 

Pulse of electromagnetic radiation emitted by nuclear explosions . 
Eastern Space Missile Center 
Federal Aviation Administration 
Integrated Storm Information System 

System for storage and display of digital radar data and/or cloud- 
to-ground lightning strike location. Displays either radar or 
lightning data separately on the video terminal, or both together. 

Kennedy Space Center 

Lightning Location and Protection, Inc 
Manufactures of ISIS. 

Marshall Space Flight Center 

Meteorological Interactive Data Display System 

World-wide weather data dissemination and display system capable of 
displaying radar, satellite, and conventional weather data in a 
variety of modes and examinations, including overlaying. 

National Aeronautics and Space Administration 

Naval Research Laboratories 

Rocket Triggered Lightning Program 

Program at KSC to launch small rockets into thunderstorm clouds, 
triggering lightning at the launch site. 

Rocket Triggered Launch Site 

Site on Mosquito Lagoon, near the ASFL, where RTLP personnel launch 
small rockets into active thunderstorm clouds. Contains launch sites 
over land and water. 

State University of New York at Albany 
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